Theories ofstellar evolution and stellar explosion are based on results ofnumerical simulations and even qualitative results are not available to get analytically. Supernovae are the last stage in the evolution of massive stars, following the onset of instability, collapse and formation of a neutron star. Formation of a neutron star is accompanied by a huge amount of energy, approximately 20% of the rest mass energy of the star, but almost all this energy is released in the form of weakly interacting and hardly registrated neutrino. About 0.1% of the released neutrino energy would be enough for producing a supernovae explosion, but even transformation of such a small part of the neutrino energy into the kinetic energy of matter meets serious problems. Two variants are investigated for obtaining explosion. The first one is based on development of convective instability, and more effective heating of the outer layers by a neutrino flux.
INTRODUCTION
A first understanding of the evolution of the Sun appeared after numerical calculations of Martin Schwarzschild made by in 1941 (see [31] ).
Twenty-five years later first numerical calculations of supernovae (SN) explosion have been performed 267 [14] , revealing qualitative as well as quantitative features of this explosion: prevailing role of neutrino energy losses and big sensitivity to the physical input parameters. degenerate core, or from gravitational and partly nuclear energy release during collapse which leads to the neutron star formation. The rotation and magnetic field may play an important role in conversion of gravitational energy into energy of observable flash. A small part of stars (the most massive ones) seems to end their life with collapse and black hole formation. The collapse in this case may be "silent" and not lead to SN explosion. The physical processes accompanying SN explosions are: nuclear reactions, neutrino processes, convection; equation of state of matter in wide region of parameters, where effects of degeneracy and relativistic corrections are important, is described in the book [7] . Despite many efforts, the SN theory is far from complete even in spherically symmetrical approximation by reason of serious numeric and fundamental difficulties related to nonstationary convection, neutrino transport and equation of state for matter of a density above the nuclear.
NUMERICAL CALCULATIONS OF SN IN THE HYDRODYNAMICAL MODEL
Iron cores with mass Mve> 1.4M( lose their stability through the iron dissociation which directly leads to a rapid collapse. The iron core forms in stars with initial mass Mi > 10Mo, while for M > 13 M(. all stages of nuclear burning proceed smoothly. As all evolutionary calculations yield significant uncertainty in the relationship MFo(Mi), the stability loss due to the iron dissociation is certain for single stars with M 13 + 3M.
Hydrodynamical calculations of iron core collapse have been first performed in [14] , and soon after in [5, 18] . Hydrodynamical equations have been solved and, massive stellar cores (M _> 2M_)
on the boundary of hydrodynamical stability have been taken for initial conditions. These studies take into account formation of electron and muon neutrinos during collapse, the role of neutrino in the envelope heating and probable ejection, and the effect of burning of thermonuclear fuel 2C, 160 remaining around the iron core. It has been noted in [10] that the reflection of infalling matter from the surface of stable neutron star and formation of a shock wave (bounce) may also be important for producing SN explosion. Numerous calculations to date (see reviews [11, 16, 17, 36, 37] ) have revealed sensitivity of the results to the equation of state of nuclear matter, quantity of remaining thermonuclear fuel, treatment of convection. The results are strongly influenced by adopted methods for including neutrinos at transparent and opaque stages. Calculations including neutrino processes in a self-consistent way over the entire star were first performed by Nadyozhin [26, 27] . It was shown that neutrinos are strongly damping the matter inflow, preventing the bounce, and their heating of matter (neutrino deposition) is not enough for a formation of a strong shock and explosion. The mean energies of neutrinos arising in collapse are 10MeV.
Inclusion of thermonuclear burning of oxygen in the envelope, muon-and tau-neutrinos, momentum transfer from neutrinos to nuclei caused by coherent scattering due to neutral currents does almost not alter the results.
Neutrino Convection in Collapsing
Stellar Cores: 2D and 3D Calculations Neutrino flux is formed in the neutrino opaque core and goes out freely over the neutrinosphere, where the optical depth to the neutrino absorption is about unity. Huge temperature and lepton concentration gradients are developed in the vicinity of the neutrinosphere, leading to convective instability. Convective motions in the neutrinosphere might bring hot material outward and increase the mean energy and flux of escaping neutrinos whose deposition could initiate an explosion.
An unstable lepton and entropy profiles, formed after 10ms of the creation of shock wave and
In [23] , the mean energies of electron neutrinos equal 14 MeV electron antineutrinos, 15 MeV, other neutrino species (u/, b/, u, b), 32 MeV. The total energy of emitted neutrinos 6 x 10 s3 erg is distributed almost equally between these six types of particles. Investigations of collapse and explosion of rotating cores have shown that the explosion proceeds in the same manner as in the nonrotating case, except the rotation has a strong influence on the shape of the convective patterns that develope above the protoneutron star. As was pointed in 15], the most wanting aspect of the calculations remains in neutrino physics, because of the obvious difficulties of radiation transport in multidimensions. The basic flux-limited approximation leaves much to be desired in nearly optically thin regions, and also nonelastic neutrino nucleus interactions have been ignored, which could play an important role in the explosion. As was indicated in [15] , at a time 200 ms SPH model ceased to adequately resolve the atmosphere above the neutron star and simulations had to be stopped. The fact the this time is close to the time of the formation of the successful explosion shock makes it desirable to check more carefully the role of numerical effects in these calculations. Another variant of 2-D calculations with similar input physics, but different numerical scheme and initial conditions, have been performed in [25] , and no explosion was obtained in presence of the neutrino-driven convection.
NUMERICAL SIMULATIONS OF THE MAGNETOROTATIONAL MODEL OF SUPERNOVAE EXPLOSION
When all the above mechanisms of explosion prove to be inefficient, the magnetic field may convert the rotational energy of a neutron star resulting from collapse into kinetic energy of the envelope and thus ensures a SN explosion. A magnetorotational model of explosion has been suggested in [6] .
Numerical calculations for this model have been made to cylindrical approximation in {1,10], spherically symmetric approximation in {24] and in a simplified 2-D formulation in [30] . The 
Basic Equations of 2-D Model
The equations of magnetohydrodynamics (MHD) with gravitation in cylindrical Eulerian system (r,,z) at an infinite conductivity and axial symmetry 0/0 0 read [7] Ot Ov Ov 0% vv 0-7+
Observations of radio emission at a relatively early period of the flash, roughly one year after the light peak, provide an indirect evidence for an essential role played by the magnetic field in supernova explosion [35] . 
(OB/Ot rot(g B)), (8) is the equation for a field with no divergence (div/-0), (9) - (11) (1)- (14) is solved for a star of mass M at the following boundary conditions:
(a) P-p-T-B -0 on the outer boundary,
Here Equations (1)-(3) are the equations of motion with magnetic fields, (4) is the continuity equation, (5)- (7) are the "frozen-in" field equations
The dissipative processes are neglected in calculations, the neutrino emission is allowed for byf, an artificial viscosity is used for shock calculations.
The introduction of artificial viscosity in [2] , where a Lagrangian coordinate system is used, implies replacing P in the equations of motion (1)-(3) and energy (13) by
OzJ' (16) where u is the viscosity coefficient. The distributions p(7), T(7),/(7) are specified at initial time, and the last of them should satisfy the condition of the absence of magnetic charges (8) (20) has been used in [1, 10] . The equation allows approximately for the transition from nonrelativistic to relativistic electrons occurring at a strong degeneration. The electron pressure has been taken to be constant after the onset of neutronization.
Neutrino losses due to URCA-processes has been taken into account.
At initial time 0 it has been adopted T 0, and the density distribution has been specified in the
Ot -fit rBr-OTs 
The angular momentum of the system core+ envelope is assumed to conserve throughout the calculations; the relation for this conservation, owing to the continuity of v on the core boundary, Figure 3 illustates an increase in the number of turns with decreasing c for the same time t(. Figure 4 demonstrates An interesting result of calculations is a possible stage of magnetorotational oscillations of the coreenvelope system, during which the angular velocity changes its sign. The angular velocity of the resulting core may be opposite to the initial angular velocity.
Results of 2-D Calculations
The attempt to obtain magnetorotational explosion (MRE) in realistic 2-D picture has been done in [3] . 
Here the index "0" is related to the initial state of the collapse, index "1" is related to the quasistationary state, which the rotating cloud without magnetic field reaches in the process of collapse. 
COSEQUENCES OF A MIRROR SYMMETRY BREAKING OF THE MAGNETIC FIELD DURING COLLAPSE OF A ROTATING STAR AND NEUTRON STAR FORMATION
Observation of the pulsars moving at the velocities up to 500 km/s [22] is a challenge to the theory of the neutron star formation. The plausible explanation for the birth of rapidly moving pulsars seems to be the suggestion of the kick at the birth from the asymmetric explosion. Make estimations for the strength of the kick produced by the asymmetric neutrino emission during the collapse. The asymmetry of the neutrino pulse, is produced by the asymmetry of the magnetic field distribution, formed during the collapse and differential rotation. Consider rapidly and differentially rotating new born neutron star with the dipole poloidal and symmetric toroidal fields. A field amplification during the differential rotation leads to the formation of an additional toroidal field from the poloidal one. This field, made from the dipole poloidal one by twisting, is antisymmetric with respect to the symmetry plane. The sum of the initial symmetric with the induced antisymmetric toroidal fields has no plane symmetry.
In absence of dissipative processes the neutron star returns to the state of rigid rotation loosing the induced toroidal field and restoring mirror symmetry of the matter distribution. Formation of asymmetric toroidal field distribution is followed by MRE, which is asymmetric, leading to neutron star recoil and star acceleration [9] . The neutron star acceleration happens also [8] due to dependence of the cross-section of week interactions on the magnetic field.
In the magnetic field electrons occupy discrete energy (Landau) levels for motion in the plane perpendicular to the field, with energy difference eB /keL h.
(39) meC When this difference is of the order of the energy of beta decay A the decay probability begins to 
The probability of the neutron decay in the strong magnetic field was calculated in [29] for B << Bcr (4) and for B > Bcr (42) with Wn is the probability for nonmagnetic case, see [7] . In strongly relativistic plasma with Fermi energy CFe or k T larger than A > me c2 we should use in (40) a maximum between A eFe/(mec2) and /k kT/(meC2). After a collapse of rapidly rotating star the neutron star rotates at the period P about ms. Differential rotation leads to the linear amplification of the toroidal field B 4) Bo / Bp(t/P).
(43)
The time of the neutrino emission is several tens of seconds [28] . After 20s the induced toroidal magnetic field will be about 2 x 104Bp, corresponding to 1015 In these situation the dynamical processes in the star, connected with hydrodynamical motion and formation of the shock wave, are developing more rapidly than possible instabilities, which increment is usually less than the characteristic time of shock wave formation and propagation. Another process which was not included in calculations is connected with final resistivity and magnetic field dissipation. Without instabilities dissipation is extremely slow because of very high conductivity of high density and high temperature plasma. Even in the case of development of small scale 3-D instabilities there is a mechanism of their nonlinear suppression, because increase of temperature diminishes the ratio of the magnetic to gas pressure and damps the instability.
These qualitative speculations should be checked by 3 
